VUF-1031
FINAL REPORT

ALT DOME, MISSISSIPPT
22 OCTOBER 1964

art of an experiment in seismic decoupling at the nuclear level

%‘ﬁot;ihm A
i

SORED BY THE ADVANCED RESEARCH PROJECTS AGENCY
. DEPARTMENT OF JEFENSE AND THE U. 8. ATOMIC

ENERGY CO.AMISSION

Structural Response
of Tall Industrial and
Residential Structures

to an Underground
Nuclear Detonation

JOHN A. BLUME AND ASSOCIATES
RESEARCH DIVISION
™

NOV < 3 1965

Issuance Date: November 15, 1965 w ,mu v

QOCIRA E



VUF - 1031
NUCLEAR EXPLOSIONS -~ PEACEFUL
APPLICATIONS  (TID - 4500, 45th. Ed.)

SALMON EVENT

PROJECT DRIBBLE

STRUCTURAL RESPONSE OF TALL INDUSTRIAL AND RESIDENTIAL

STRUCTURES TO AN UNDERGROUND NUCLEAR DETONATION

John A. Blume & Associates Research Division

August 1965




CONTENTS

ABSTRACT - - - - - - =

INTRODUCTION -

Objectives

Background

Structures z2nd Foundation Soils

PROCEDURE O o o o o c
Instrumentation - - -
Perception Observers -

RESULTS - - - - - - -

Recorded Motion -

Perceotion Reports

DISCUSSION - - - - = =

Structiural Resvonse

Humen Perception - -

CONCLUSIONS AND RECOMMENDATICNS

TABLES

1, 2 Summaries of Peak Motions

FIGURES

1l Salmon Location Map

-3
- Y
- L
= >
- 8
-8
- 9
- 10
- 10
-1
- 1k
- 1k
- 15
- 17
19, 20
- a

2 Women's Dormitory, University of Scuthern 22

Mississiopi

3 TCC and DIB, Mississippi-Gulf Refinery

L Instrument Locations, Women's

(oY

Instrument Response Curves

5 Instrument Locations, TCC and

Dormitory

DIB -

] )
n N
= (U%)

)
N
A\

B



ABSTRACT

T0 tall refinery structures and an cight-story University
vomen's dormitory structure were instrumented for measurement of
response to ground motion generated by the Salmon event. The
refinery is about 13 kilometers from Surface Zero; the dormitory
is about 30.%L kilometers. NKGS 19L velocity meters were deployed
at several levels on the refinery structures, and Sprengnether
portable displacement meters were used on the top and bottom
floors of the dormitory.

Measured peak top lcvel velocities in the two refinery
structures wvere T7.31 centimeters per second in the taller TCC
structure and 5.6 centimeters per second in the DIB tower, at
periods of 0.19 seconds and 0.20 seconds respectively. Peak
top floor dicplacement in the dormitory was 0.15 centimeters with
a period of avout 0.L3 seconds.

Blume observers reported a clearly perceptible motion in the
dormitory, felt by uninformed persons on bottom and top floors.
No official obuservers were present at the refinery but personnel

vorking there alco recported clearly perceptible motion.




INTRODUCTION

OBJECTIVES

This report is concerned with the invesiigation of structural

response of three tall structures near Hattiesburg, Mississippi.

In pursuance of a structural response investigation, personnel

from this office were present in Hattiesburg as observers for

an underground nuclear detonation, the Salmon event, Project

Dribble. As part of these observations, two tall refinery
structures at the Mississippi-Gulf Refinery near Purvis, Mississippi,
and the women's dormitory at the University of Southern Mississippi
in Hattiesburg were instrumented to record their response to thc
ground motion resulting frcm the Salmon event.

Data obtained from the Salmon event are summarized in this
report. Analysis of structural response it limited to a presentation
of the general geometries and physical characteristics of the
buildings concerncd and a brief consideration of the articipated
response and that responsz which was actually measurcd. Further
study of the responce of thece structures may be accomplished at
an appropriate point in the development of the general siructural
response investigation for wi.ich this firm is under contract to

the United States Atomic Energy Ccmmissicn.




BACKGROUND
The Salmon event involved a S-kiloton device in a tamped
emplacement at the bottom of a borc hole about 325 meters dcep.
The device was located approximately 365 meters into the Tatum
Salt Dome in Lamar County near Baxterville, Mississippi, and was
detonated at 1600 hours, Greenwich Time, on October 22, 130k,
St:uctures at the Mississippi-Gulf Refinery are at a disziance
of approximately 18.0 kilometers from Surface Zero: the women's
dormitory at the University ¢f Southern Mississippi is approximately
30.8 kilometers from Surface Zero {ground surface location of the
top of the bore hole in which the device was located). Figure 1
shows the location of these structures with referenc2 to ground
zero for the Salmon event. Structural information for thesc builcings

is given in English units.

STRUCTURES AND FOUNDATION SOILS

The women’s dormitory at the University of Southern Mississippi
as shown in Figure 2 is a modern cight-story concrete frame
structure with 5-1/2-inzl: concrete slab floors. The structure is
founded on short piling. The 10-inch thick extericr walls are
ccmposed of 2-inch vo 4-inch masonry vanels of brick and concrete
block or cast stonc panels and concrete tlock. The majority of the
interior walls are L-inch concrete block. Two transverse expansion

joints divide the building into three scparate structural elements.




Instrumentation for the dormitory was in the ccnter element;

the weight of this portion of the building is approximately ,Tu0
kips (kip equals 1,000 pounds). The cutside portions weirh approxi-
mately 1,000 kips cach. Weizht of cach rortion is fairly uniformly
distributed over its height.

So0ils underlying the dormitory are mainly alternating layers
of firm silt and stif clay. Compressional wave velocitles for
these soils were measured, using a portable scismograph, and were
found to vary from 500 meters per second for near surface layers
to 900 meters per second at depth.

The GY-2 Deisobutanizer (DIB) at the Mississippi-Gulf Refinery
is a c¢ylindrical shell structure 150 feet high and 8 feet in
diameter as shown in Figure 3. The major portion of the shell
is 5/8-inch steecl plate covered with 2-3/L4 inches of insulation.
Total weignt of the sheel is aboul 1C0 kips. Oncrating weight is
about 205 kips.

The interior of the Deisooutanizer is filled with a series
of trays spaced at approximately 2 feet vertically throuchout the
entire height. The foundation is a reinforced concretc mat.

Soils in the vicinity of the Mississippni-Gulf Refinery are
mainly alternating layers of firm silt and stiff clay. A few

sandy silts were noted in road cuts. Compressional wave velocities
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vary from 440 meters per sccond to 730 meters per second for near

surface material. Underilying the 730 meters ver second ig a 300
meters per serond layer of urknown depth.

The catalyst cracker (TCC) at the Mississippi-Guif Refinery
is a steel frame structure 40 feet square in vlan ané 254 Teet
nigh, with a superstructure extending to 297 feet sz shown in
Figure 3. Except for the diagonals, which are composed of two
angles back to back, the framing consists of steel wide flange
members. Columns are fireproofed with concrete for the first
50 feet, and with "Hylag" lightwelght fireproofing for 60 feet
beyond the concrete. The columns vary in size from 1LWF320 witi
18-inch by 1-1/b4-inch cover plates at the base to 1UWFALl w.th no
cover plates at che top. Total weight of the structure including
the large vessels is approximately 1,400 kips with the vessels
empty and 2,500 kips with the vessels full. The foundation .

a rciaforced mat.
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PROCEDURE

INSTRUMENTATION

Two Sprengnether portable seismograpns were manned by John A.
Blume & Associates Research Livision personnel to record displace-
ment at the top and tottom of the center section of the women's
dornditory building. The instrument arrangement is shown in Figure k.

Each of these instruments simultaneously records vibratory
displacement in three mutually perpendicular directions as a
fun :ion of time. The instrumental cheracteristics for each
Sprengnether are given in Figure 6.

The instruments were started simultaneously at shot time by

means of a common manual remote control. Shot time was determined

from the shortwave brosdcasts from the Salmon Ccntral Control Station.

Original records consist of long vaper traces which cannot
be reproduced in a form suitable for inclusion in this report.

The National Geophysical Company under the direction of the
United States Coast ana Geodetic Survey manned 35 channels of NGS 19L
velocity meter information at the Mississippi-Gull Refinery. The
velceity pickups were located and oriented on thc TCC and DIB
structures as shown in Figure 5. Deployment of ‘the instruments

was designed by John A. Blume & Associates Research Division.

It
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The NGS 19L system consists of a number of portable velocity
pickups. Both horizontal and vertical velocity meters were employed.
The pickup voltage outputs are brought to an amplifying and recording
system. The information from all the pickups is recorded gimultaneously,
as a function of time, on a strip of photosensitive paper. For the
Salmon event the WWV radio time signals were also included on *he
records to provide accurate shot time correlation.

Because of the large quantity of velocity pickups employed,
two recording systems were required. Instrument characteristics

are shown in Figure 6.

PERCFPTION OBSERVERS

John A. Blume & Associates Research Division observers were
stationed on the roof of the women's dormitory and inside at the
top of the stairwell (see Figure 5). At shot time the observer
on the roof stood with his back against the stairwell wall and
sighted along the wall aligning the correr of the stairwell with
another structure about 1/2 mile away. The other observer knelt
inside the stairwell with one shoulder against the wall.

No observers from John A. Blume & Associates Research Divisiom
were present at the Mississippi-Gulf Refinery at time of shot.
Pre-shct investigations were made, and a representative visited

the refinery about 3 hcurs after the disturbance.




RESULTS

RECORDFD MOTION

A preliminary v.isual examination of the records from the
dormitory, TCC and DIB structures has yielded the data given in
Tables 1 and 2. No attempt has as yet been made by this office
to analyze these reccrds with computer programs; however; an
analysis of Salmon ground motion records was made by R. F. Beers,
Inc., and is discussed in their report NV0-1163-51 dated April 1, 1365.

The amplitudes shown were obteined by measuring the maximum
average double amplitude on the trace and taking haltf of this as
the single amplicude. Care was taken tc Xeep the effect of the
amplitude conversion factor variation wi*h period of motion in
mind so that an apperent maximum amplitude could be rejected in
favor of a lesser trace amplitude whose conversion factor may
produce a greater actual displacement, velocity, or acceleration.

The trace amplitudes were converted to actual motion by use
of the instrument characteristics given in F.gure 6.

The actual displacement, velocit:;, or acceleration from each
instrument were converted to the other measures of motion by

assuming simple harmonic motion.
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It ¢hould be noted that the majority of the instruments from
which these values were derived responl only to motion in a
limited period range. Hence, important resvonse may have bdeen
missed. One case in point is the NGS 1)L record from the TCC
structure at the Mississippi-Gulf Refinery. The pre-shot record
taken witn a Sprengnether seismograph recorded large amplitude
background motic.. with a period of about 1.3 seconds. Theoretical
calculations using several different methods have indicated that
the firet wmode of translational vibration should be about 1.3
seconds. However, there is no visually perceptible 1l.3-zecond
prior motion on the NGS5 19IL record for the TCC structure. It
seems probable that l.3-second mo:ion oz2curred during the Salmon
disturbance at the “op of the TCC structure. However, for it to
have been perceptible on the record would require that it have a
velocity of about 13 centimeters per second. The maximum visible
velocity on the record is about 6.5 centimeters per second.
Consequently, we assume that the instrument characteristics filtered
out the fundamental period motion ot 1.3 seconds.

Whenever data from Tables L to 3 are used, the instrument

response characteristics must be considered.

PERCEPTICN REPORYS
Weak motion began in the women's dormitory about 10 to 12

seconds after detonation time. Within a second the disturbance




was producing very streng motion whi-.. peaked fairly rapicdly and
lessened slightly to a level which lasted for about 20 seconds
(this would be about 30 seconds after detonation). Motion was
perceptible for more than 60 seconds after shot time.

Motion feit elliptical in the horizontal plane. Ratio of
transverse to lungitudinal motion seemed about 4 to 1. Vertical
motion was bvarely percer:.ible.

The roof observer believed he cculd visuvally detect motion
along his sight line but it was so slight that he could give no
magnitude to it. The interior observer was able tc cense trans-
verse oscillations end estimated a deriod of about 0.5 seconds
with his wrist watch.

Many dormitory residents vere startled by the motion. Most,
if not all, were unaware of the proposed detonation time. The
dormitcry matron vho was standing at the ground floor reception
desk was also startled by the motion. ©She, too, was not aware
of the shot time.

Many employees of the liississippi-Gulf{ Refinery were aware of
the proposed detcnation time. The disturbance was reported Lo be
easily felt. Automobilesz in the parXking lot rocked consideravly.
A group of office workers placed a gla~sof water in the sunli-ht
on the floor end estimated that the light reflection on the approxi-
mately 10-foot high ceiling moved about 27 inches before the water

turbulence disrupted the reflection.
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Several "Tilt Alarms" on the refinery structures were set

off during the Salmon disturbance. However, the refinery engineer
was hesitant to give much significance to this because of alarm
device inaccuracy ard the uncertainty of pre-shot degree of

structure tilt.
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DISCUSSION

STRUCTURAL RESPONSE
An analysis of the catalyst cracker (TCC) for natural
periods of vibration gave the following results:

T

1.3 seconds

1

T2 = 0.56 seconds
T3 = 0.42 seconds
Th = 0.26 seconds

A 10-mass system was used for this analysis except for the
third mode period calculation which used 8 b-mass system. Stiffness
factor calculations ass.med pirned connections. The value for
the first mode periecd, 1.3 seconds, agreces well with that from a
Sprengnether seismograph record of background TCC rotion. The
predominant period on the velocity record ic approximately 0.26
seconds, as ootained from velocity meter records. This would
be approximately the period of the fourth moce.

The velocity record taken on the DIB tower during the event
shows a predominznt period of approximately 0.20 seconds. Assuming
the tower is a vertical uniform cantilever beam gives a calculatec
first mode period of 0.k5 seconds. On the basis of this rough
calculation, the Deisobutanizer may have been vibrating in the second
mode. A measure of wamping in the structure was obtained usirg a

section of the record near the end, where the motion of the structure

14




wvas periodic with a rapidly decreasing amplitude. Cround motion
wvas greatly diminished this late in the record. The calculated
damping value is about 5 percent of critical damping.

The fundamental period of the central portion of the vwomen's
dormitory is calculated to be approximately C.4S seconds in the
longitudinal direction (north-south) and 0.L7 seconds in the trans-
verse direction (east-west). The period of the central porticn
of the dormitc:y building is approximately 0.45 seconds in the
north-south direction. The velocity record obtained during the
event shows predominant periods of approximately 0.56 seconds in
the north-south direction and 0.43 seconds in the east-west direction,
suggesting that the building was vibrating in the first mode during
the event. Deflection calculations, assuming frame action only
and using maximum ground acceleration times the mass of the building
as the applied force, indicate that block partition walls were

acting structurally during the event

HUMAN PERCEPTION

Data from perception observations in Las Vegas indicate that
a threshold of clear motion perception at a frequency of 2 to 2-1/2
cycles per second (measured in the women’s dormitory) would be
about G.004 g (gravity units). Calculated peak acceleration in
the <omen's dormitory is 0.032 g on the top floor, well above the

C 004 g threshold.

15




Although top floor motions in the dormitory were sufficiently
close to simple harmonic motion to permit a reliable calculation
of acceleration from measured displacements, this situation is not
true for ground motions. Measured ground accelerations are not
available for either the dormitory or the refinery. The motion

wvas clearly felt at both locations and accelerations were undoubtedly

well above 0,004 g.

16
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CONCLUSIONS AND RECOMMENDATIONS

Instrumentation in tall industrial and residential s*“ructures
in the Dribble Project area was adequate to record peak motions in
high-rise structures. Response of these structures was below
damage thresholds. Consequently, the primary objective of this
aspect, to monitor and record response of this type of structure,

achieved. Instrumentation of similar structures for future
off-site events is recommended, both because of the great value
of such data to structural response investigations and also because
of the inherently greater damage potential in tall buildings from
enhanced structural response and because of the greater financial
investment represented.

Reduction of the records for digital computer processing,
if deemed necessary, would have been difficult and tedious,
particularly for the low-speed, high-sensitivity Sprengnether cn
the wround floor of the women's dormitory, and for the lengthy
NGS 19L records. Recently acquired Sprengnether instruments
have higher speeds and lower sensitivities, and records from these
instrments are proving to be satisfactory for any digitizing
which may be requircd. Also, the NGS 21 velocity meters, which
will be use” "1 place of the NGS 19L instruments, are largely
equipped for magnetic tape recording which can be more readily

digitized.
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The motion generated by the Selmon event was clearly perceptible
in the women's dormitory at all floor lcvels, as well as at the
Mississippi-Gulf Refincry and elsewhere throughout the area. It
seems likely that there is some subjective correlation between
this very clear perception of motion and the high incidencc of
damage claims which ensued. In futurc events off site, particularly
in non-seismic areas, we recommend a program of public education
even more active than that employed prior to the Salmon cvent to
provide forewarning of event motion and to attempt to minimize
the surprise element attending unexpectedly clear perception of

motion.

18
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TECENTCAL AND SAFETY PROGRAM REPCRTS SCHEDUIE. FOR ISSUANCE
BY AGENCIES PARTICIPATING IN PROJECT IRIBBIE

SAFETY REPORTS

Agency Report No. Subject or Title

USWB VUF-1020 Meteorological Documentation and Radiation
Protection

USPHS VUF-1021 Final Report of Off-gite Surveillance

USHM VUF=1022 Pre and Pust-Shot Safety Inspection of 0il
and Gas Facilities Near ProJject Iribble

USs3s VUF-1023 Analysis of Geohydrology of Tatum Salt Dome

USGS VUF-102h4 Analysis of Aquifer Response

REECo VUF-1025 On-Site Health and Sa‘®ety Repori

RFB, Inc. VUF-1026 Analysis of Dribble Data on Ground Motion
and Containment - Safety Program

H-NSC VUF-1027 Ground Water Surply

FAA VUF-1028 Federal Aviation Agency Airspace Advisory

HAN VUF=1029 Summary of Pre and Post.-Shot Structural
Survey Reports

JAB VUF-1030 Structural Response of Residential-Type Test
Structures in Close Proximity to an Underground
Nuclear Detonation

JAB VUF-1031 Structural Response of Tall Industrial and
Residentfal Structures to an Underground
Nuclear Detonation.

NOTE: The Seis-ic Safety data will be included in the USCAGS
Technical Report VUF-3C 4
TECHNICAL REPORTS
enc Report No. Subject or Title

SL VJF=2012 Free-Field Particle Motions from a Nuclear
Explosion in Salt - Part I

SR1 VUF-3013 Free-Field Particle Motions from a Nuclear
Fxplosion in Salt - Part II

USCAGS VUF-301L Earth vibration from a Nuclear Explosion in
a Salt Dome

UED VUF-3015 Compressional Velocity and Distance Measurements

in a Salt Dome
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IRL VUF-3016 Design and Operation of a Chemical Processing
Plant for Controlied Release of a Radioactive
Gas from the Cavity of a Nuclear Explosion in

Salt

IRL PNE-3002 * Response of Test Structures to Ground Motion
from an Urderground Nuclear Explosion

SRI VUF-3017 Feasibility of Cavity Pressure and Temperature
Measurements for a Decoupled Nuclear Explosion

IRL VUF-3018 Background Engineering Data and Summary of
Instrumentation for a Nuclear Test in Salt

WES VUF-3019 Iaboratory Design and Analyses and Field Control
of Grouting Mixtures Employed at a Nuclear Test
in Selt

IRL WF-3020 Geology and Physical and Chemical Properties of
the Site for a Nuclear Explosion im Salt

EG&G VUF=3021 Timing and Firing

# This report number was assigned by SAN

In aidition to the reports listed above as scheduled for issuance by the Project
IRIBBIE test organization, a number of papers covering interpretation of the SAIMON
data are to be subtmitted to the American Geophysical Union for publication. As

of February 1, 1965, the list of these papers consists of the following:

Title Author(s ncy(s
Shock Wave Calculations of Salmon L. A. Rogers IRL
Nuclear Decoupling, Full and Partial D. W. Patterson IRL
Calculation of P-Wave Amplitudes for D. L. Springer aad
Salmop W. D. Hurdlow IRL
Travel Times and Amplitudes of Salmon Je. N. Jordan USCEGS
Explosion W. V. Mickey AFTAC
W. Helterbran UED
Detection, Analysis and Interpretation A, Archambeau and
of Teleseismic Signals from the Salmon E. A. Flinn SDC
Event
Epicenter lLocations of Salmon Event E. Herrin and SMU
J. Taggart USC&GS
The Post-Explosion Enviromment Resulting D. E. Rawson and
from the Salmon Event S. M. Hansen IRL
Measurements of the Crustal Structure in D. H. Warren
Mississippi J. H, Healy
W. H. Jackson USGS

All but the last paper in the abcve list will be read at the annual meeting of
the American Geophysical Union in April 1965.

28




BER LTD

ERDL

FAA

GIMRADA

H-NSC

H&N, INC

I

ITEK

JAB

IRL

NRDL

REECo

LIST OF ABEREVIATIONS FOR TECHNICAL AGENCIES

Barvinger Research Limited
Rexdale, Ontario, Canada

Engineering Research
Development laboratory
Fort Belvoir, Virginia

Federal Aviation Agency
Ios Angeles, Cali“ornia

U. S. Army Geodesy, Intelli-
gence and Mapping Research
and Development Agency

Fort Belvior, Virginia

Hazleton-Nuclear Science
Corporation
Palo Alto, California

Holmes & Narver, Inc.
los Angeles, California
Ias Vegns, Nevada

Isotopes, Inc.
Westwood, New Jersey

Itek Corporation
Palo Alto, Caiifornia

John A. Blume & Associates
Research Division
San Francisco, California

lavrence Radiation laboratory
Livermore, California

U. S. Naval Radiological
Defense lavoratory
San Francisco, California

Reyrnolds Electrical &
Engineering Co., Inc.
las Vegas, Nevada

RFB, INC.

SDC

EG&G

SL

SMU

SRI

TI

UA

UED

USm

USCLGS

USGS

USPHS

USWB
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R. F. Beers, Inc.
Alexandria, Virginia

Seismi:z Tats Center
Alexandria, Virginia

Edgerton, Germeshausen &
Grier, Inc.
las Vegas, Nevada

Sandia laboratory
Albuquerque, New Mexico

Southern Methodist University
Dallas, Texas

Stanford Research Institute
Menlo Park, California

Texas Instruments, Inc.
Dallas, Texas

United Aircraft
Ei Segundo, California

United Electro Dynamics, Inc.
Pasadena, California

U. S. Bureau of Mines
w&shinston, 25, D, C.

U. S. Coast and Geodetic
Survey
Ias Vegas, Nevada

U. S. Geologic Survey
Denver, Colorado

U. S. Public Health Service
Ias Vegas, Nevada

U. S. Weather Bureau
las Vegas, Nevada



